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Introduction {#bjs5101-sec-0005}
============

Colorectal cancer affects more than one million patients per year worldwide, accounting for more than 500 000 deaths annually[1](#bjs5101-bib-0001){ref-type="ref"}. Over the past two decades improvements in adjuvant chemotherapy and surgical quality have led to better long‐term survival[2](#bjs5101-bib-0002){ref-type="ref"}. Complication rates remain high, however, with 30‐day mortality rates following colonic cancer surgery of up to 10 per cent[3](#bjs5101-bib-0003){ref-type="ref"}. In particular, the rate of anastomotic leakage after right hemicolectomy is surprisingly high (6·4--7·5 per cent)[4](#bjs5101-bib-0004){ref-type="ref"} [5](#bjs5101-bib-0005){ref-type="ref"} compared with that for left hemicolectomy (anastomotic leak rate 1·9--6·5 per cent)[5](#bjs5101-bib-0005){ref-type="ref"} [6](#bjs5101-bib-0006){ref-type="ref"}.

Anastomosis techniques after right hemicolectomy vary widely in clinical practice. Ileocolic anastomoses can be end‐to‐end, end‐to‐side, side‐to‐end or side‐to‐side[7](#bjs5101-bib-0007){ref-type="ref"}. They can be handsewn in one or more layers, using interrupted or continuous sutures in a variety of sizes, needle configurations and materials, or stapled using linear or circular proprietary devices. In 2011, a Cochrane systematic review[8](#bjs5101-bib-0008){ref-type="ref"} including 1125 patients with ileocolic anastomosis found a significant advantage for stapled anastomosis with respect to anastomotic leak rate, although studies published subsequently have conversely identified stapled anastomosis as an independent risk factor for anastomotic leakage[9](#bjs5101-bib-0009){ref-type="ref"}.

The technical requirements for surgical resection of right‐sided cancers have changed greatly in recent years with the introduction of complete mesocolic excision (CME)[10](#bjs5101-bib-0010){ref-type="ref"}, but the optimal anastomotic technique remains an unresolved issue.

Data for colonic cancer were retrieved from the Study, Documentation and Quality Centre (StuDoQ\|ColonCancer) registry of the German Society for General and Visceral Surgery (DGAV) to investigate whether the anastomosis techniques influence early postoperative complications.

Methods {#bjs5101-sec-0006}
=======

Informed consent and data safety procedures were approved by the Society for Technology, Methods, and Infrastructure for Networked Medical Research ([www.tmf‐ev.de](http://www.tmf-ev.de)), and publication guidelines were established by the DGAV ([www.dgav.de/studoq/datenschutzkonzept‐und‐publikationsrichtlinien.html](http://www.dgav.de/studoq/datenschutzkonzept-und-publikationsrichtlinien.html)).

The StuDoQ\|ColonCancer registry is a voluntary prospectively created database for colonic cancer surgery established by the DGAV in January 2010 ([www.dgav.de/studoq](http://www.dgav.de/studoq); [www.en.studoq.de](http://www.en.studoq.de)), designed to facilitate assessment of quality and risk factors in colonic cancer surgery in Germany. Data from participating centres are entered in pseudonymized form using a browser‐based tool and subjected to automatic plausibility and cross‐checking controls. Hospitals included in the study data are listed in *Table S1* (supporting information).

For this study, all patients with right‐sided or extended right hemicolectomy were identified from the registry and relevant demographic data, co‐morbidities, and information on operations, histology and perioperative course were extracted in anonymized form for analysis. Patients undergoing emergency surgery, non‐right‐sided resection, laparoscopic right‐sided resection, endoluminal resection, simultaneous liver metastasis resection or creation of any kind of ostomy were excluded. CME should have been performed according to the description by Hohenberger and colleagues[11](#bjs5101-bib-0011){ref-type="ref"}. Extended hemicolectomy was defined as any right‐sided colonic resection, including ligation of the middle colic artery and vein.

Anastomotic leakage requiring intervention[12](#bjs5101-bib-0012){ref-type="ref"} [13](#bjs5101-bib-0013){ref-type="ref"}, surgical‐site infection (SSI) necessitating reopening of the wound[14](#bjs5101-bib-0014){ref-type="ref"}, Clavien--Dindo complication grade[15](#bjs5101-bib-0015){ref-type="ref"}, burst abdomen, reoperation and in‐hospital mortality were evaluated, along with any need for unplanned postoperative ventilation for more than 48 h, pneumonia, length of postoperative hospital stay (LOS) and readmission. Overall postoperative morbidity was summarized according to the Clavien--Dindo classification: grade 0, none; grade I--II, minor; grade IIIa--IV, major; grade V, death.

Patients were grouped according to the type of anastomosis (handsewn or stapled using any type of stapler device). The registry did not contain specific details of anatomical configuration (such as end‐to‐end or side‐to side), suture materials or technique, or the stapling device used.

The primary endpoint was anastomotic leakage. Secondary endpoints were Clavien--Dindo graded postoperative complications, postoperative ileus, reoperation rate, LOS, duration of surgery, 30‐day mortality and MTL30[16](#bjs5101-bib-0016){ref-type="ref"}. MTL30 is a new, validated, endpoint parameter specific for the German health sector; it combines mortality, transfer to a higher‐level hospital owing to complications, and length of stay beyond 30 days after surgery.

Statistical analysis {#bjs5101-sec-0007}
--------------------

Statistical analyses are two‐sided, with a significance level of 0·050. Continuous variables are expressed as mean(s.d.) values, and categorical parameters as absolute frequency and percentage. Univariable analysis was performed using χ^2^ and Mann--Whitney *U* tests, as appropriate. Multivariable analysis was by Cox regression. All variables with *P* \< 0·100 in univariable analysis were included in the multivariable analysis.

Results {#bjs5101-sec-0008}
=======

Of 16 151 patients registered in StuDoQ\|ColonCancer from January 2011 to August 2017, 4062 underwent elective open right hemicolectomy (*Fig*. [1](#bjs5101-fig-0001){ref-type="fig"}); 2742 (67·5 per cent) had a handsewn and 1320 (32·5 per cent) a stapled anastomosis. Preoperative characteristics of the two groups were similar, with the exception of older age in the stapled group (mean 73·9 years *versus* 72·9 years in the handsewn group; *P* = 0·020), more patients with metastatic disease (7·9 *versus* 5·3 per cent respectively; *P* = 0·001) and less likelihood of being functionally independent (Eastern Cooperative Oncology Group grade 0--1: 86·5 *versus* 88·0 per cent; *P* = 0·024) (*Table* [1](#bjs5101-tbl-0001){ref-type="table"}).

![Patient selection](BJS5-3-203-g001){#bjs5101-fig-0001}

###### 

Preoperative patient characteristics according to anastomosis technique

                                                          Handsewn (*n* = 2742)   Stapled (*n* = 1320)   *P* [†](#bjs5101-note-0004){ref-type="fn"}
  ------------------------------------------------------ ----------------------- ---------------------- ---------------------------------------------
  Age (years)[\*](#bjs5101-note-0003){ref-type="fn"}           72·9(10·9)              73·9(10·6)        0·020[‡](#bjs5101-note-0005){ref-type="fn"}
  Sex ratio (M : F)                                            1293 : 1449             622 : 698                            0·980
  BMI (kg/m^2^)[\*](#bjs5101-note-0003){ref-type="fn"}          26·8(5·1)              26·7(5·4)         0·380[‡](#bjs5101-note-0005){ref-type="fn"}
  Smoker                                                    197 of 2496 (7·9)       78 of 1151 (6·8)                        0·230
  ASA grade                                                                                                                 0·440
  I                                                             125 (4·6)               57 (4·3)        
  II                                                           1173 (42·8)             548 (41·5)       
  III                                                          1335 (48·7)             669 (50·7)       
  IV                                                            107 (3·9)               43 (3·3)        
  V                                                              2 (0·1)                3 (0·2)         
  ECOG functional status                                                                                                    0·024
  0--1 (independent)                                           2412 (88·0)            1142 (86·5)       
  2--3 (partially dependent)                                   293 (10·7)              144 (10·9)       
  4 (totally dependent)                                         37 (1·3)                34 (2·6)        
  Co‐morbidity                                                                                          
  Diabetes (types 1 and 2)                                     638 (23·3)              330 (25·0)                           0·320
  Hypertension                                                 1831 (66·8)             904 (68·5)                           0·280
  History of severe COPD                                        182 (6·6)               98 (7·4)                            0·360
  Chronic steroid use                                           37 (1·3)                25 (1·9)                            0·190
  Dialysis                                                      24 (0·9)                12 (0·9)                            0·730
  Disseminated metastatic cancer                                144 (5·3)              104 (7·9)                            0·001
  Weight loss (\> 10% bodyweight)                              329 (12·0)              177 (13·4)                           0·190
  Alcohol abuse (ICD F10·1)                                     84 (3·1)                39 (3·0)                            0·850
  UICC stage                                                  (*n* = 2730)            (*n* = 1307)      
  1                                                            571 (20·9)              304 (23·3)                           0·110
  2                                                            1056 (38·7)             490 (37·5)       
  3                                                            788 (28·9)              344 (26·3)       
  4                                                            315 (11·5)              169 (12·9)       
  pT category                                                 (*n* = 2735)            (*n* = 1317)                          0·540
  T0--2                                                        660 (24·1)              340 (25·8)       
  T3--4                                                        2075 (75·9)             977 (74·2)       
  pN category                                                 (*n* = 2735)            (*n* = 1317)                          0·220
  N0                                                           1675 (61·2)             833 (63·2)       
  N1--2                                                        1060 (38·8)             484 (36·8)       

Values in parentheses are percentages unless indicated otherwise;

values are mean(s.d.). ECOG, Eastern Cooperative Oncology Group; COPD, chronic obstructive pulmonary disease.

χ^2^ test, except

Mann--Whitney *U* test.

Patients receiving a stapled anastomosis were more likely to undergo a midline laparotomy than those having a handsewn anastomosis (62·4 *versus* 69·0 per cent respectively; *P* \< 0·001) and less likely to have CME (84·0 *versus* 80·8 per cent; *P* = 0·016) (*Table* [2](#bjs5101-tbl-0002){ref-type="table"}). Duration of surgery was significantly shorter for the stapled anastomosis group (mean(s.d.) 120·5(46·5) *versus* 134·1(49·0) respectively; *P* \< 0·001). LOS for the handsewn and stapled groups (13·4(9·2) *versus* 13·6(9·5) days respectively; *P* = 0·700) and procedure‐related hospital readmission rates (4·9 *versus* 4·4 per cent; *P* = 0·490) did not differ between the groups.

###### 

Surgical characteristics

                                                                             Handsewn (*n* = 2742)   Stapled (*n* = 1320)  *P* [†](#bjs5101-note-0008){ref-type="fn"}
  ------------------------------------------------------------------------- ----------------------- ---------------------- ------------------------------------------------
  Duration of surgery (min)[\*](#bjs5101-note-0007){ref-type="fn"}                134·1(49·0)            120·5(46·5)       \< 0·001[‡](#bjs5101-note-0009){ref-type="fn"}
  Extended resection                                                              380 (13·9)              176 (13·3)       0·650
  Laparotomy                                                                     (*n* = 2473)            (*n* = 1227)      \< 0·001
  Median                                                                          1543 (62·4)             846 (69·0)       
  Transverse                                                                      930 (37·6)              381 (31·1)       
  Complete mesocolic excision                                                    (*n* = 2413)            (*n* = 1218)      0·016
  Yes                                                                             2027 (84·0)             984 (80·8)       
  No                                                                              386 (16·0)              234 (19·2)       
  Duration of hospital stay (days)[\*](#bjs5101-note-0007){ref-type="fn"}          13·4(9·2)              13·6(9·5)        0·700[‡](#bjs5101-note-0009){ref-type="fn"}
  30‐day mortality                                                                 80 (2·9)                48 (3·6)        0·220
  MTL30‐positive[16](#bjs5101-bib-0016){ref-type="ref"}                            253 (9·2)              132 (10·0)       0·430

Values in parentheses are percentages unless indicated otherwise;

values are mean(s.d.).

χ^2^ test, except

Mann--Whitney *U* test.

The 30‐day rate of postoperative incisional SSI, anastomotic leakage and death for all patients was 9·9, 3·6 and 3·2 per cent respectively. No significant difference was found in the 30‐day postoperative mortality rate between the two groups: 2·9 per cent for handsewn *versus* 3·6 per cent for stapled anastomosis (*P* = 0·220). The groups did not differ with regard to rates of surgical complications such as SSI (10·2 *versus* 9·5 per cent respectively; *P* = 0·450), anastomotic leakage (3·9 *versus* 3·0 per cent; *P* = 0·130), postoperative ileus (4·0 *versus* 3·6 per cent; *P* = 0·520) or other surgical complications (7·6 *versus* 7·2 per cent; *P* = 0·660) (*Table* [3](#bjs5101-tbl-0003){ref-type="table"}).

###### 

Unadjusted postoperative complications by anastomosis technique

                               Handsewn (*n* = 2742)   Stapled (*n* = 1320)   *P* [†](#bjs5101-note-0011){ref-type="fn"}
  ---------------------------- ----------------------- ---------------------- --------------------------------------------
  Anastomotic leak             106 (3·9)               40 (3·0)               0·130
  Postoperative ileus          111 (4·0)               48 (3·6)               0·520
  Return to operating room     264 (9·6)               139 (10·5)             0·640
  Superficial site infection   280 (10·2)              125 (9·5)              0·450
  Postoperative bleeding       49 (1·8)                21 (1·6)               0·650
  Clavien--Dindo grade                                                        1·000
  0--IIIa                      2383 (86·9)             1147 (86·9)            
  IIIb--V                      359 (13·1)              173 (13·1)             
  Clavien--Dindo grade                                                        0·002
  0                            1699 (62·0)             880 (66·7)             
  I--II                        550 (20·1)              207 (15·7)             
  III--V                       493 (18·0)              233 (17·7)             

Values in parentheses are percentages.

χ^2^ test.

Univariable analysis of postoperative complications according to the Clavien--Dindo classification revealed small differences between the two groups, with more minor complications (grade I--II) in the handsewn than in the stapled group (20·1 *versus* 15·7 per cent respectively; *P* \< 0·002). No significant differences were observed in major surgical complications: reoperation rate (9·6 *versus* 10·5 per cent; *P* = 0·640) or postoperative bleeding (1·8 *versus* 1·6 per cent; *P* = 0·650). In addition, neither the 30‐day mortality rate (2·9 *versus* 3·6 per cent; *P* = 0·220) nor MTL30‐positive status (9·2 *versus* 10·0 per cent; *P* = 0·430) differed between the groups.

In multivariable analysis, the odds ratio (OR) for stapled anastomosis was associated with a significant reduction in duration of surgery (OR 0·62, 95 per cent c.i. 0·54 to 0·71) but had no impact on the primary endpoint anastomotic leakage (OR 0·78, 0·54 to 1·13) or the secondary endpoints: reoperation rate (OR 1·10, 0·89 to 1·37), postoperative ileus (OR 0·89, 0·63 to 1·26), Clavien--Dindo grade IIIb or above (OR 0·99, 0·81 to 1·20) or LOS (OR 0·97, 0·85 to 1·12), 30‐day mortality (OR 1·26, 0·86 to 1·84) or MTL30‐positive status (OR 1·06, 0·85 to 1·34) (*Fig*. [2](#bjs5101-fig-0002){ref-type="fig"}; *Tables* [4](#bjs5101-tbl-0004){ref-type="table"}, [5](#bjs5101-tbl-0005){ref-type="table"}, [6](#bjs5101-tbl-0006){ref-type="table"}).

![Forest plot of various outcomes by type of anastomosis. Odds ratios are shown with 95 per cent confidence intervals. LOS, length of postoperative hospital stay](BJS5-3-203-g002){#bjs5101-fig-0002}

###### 

Multivariable best‐fit model for the outcomes Clavien--Dindo grade, duration of surgery and length of hospital stay

                                             Clavien--Dindo grade ≥ IIIb   Duration of surgery   Length of hospital stay                                  
  ------------------------------------------ ----------------------------- --------------------- ------------------------- ---------- ------------------- ----------
  Type of anastomosis                                                                                                                                     
  Handsewn                                   1·00 (reference)                                    1·00 (reference)                     1·00 (reference)    
  Stapled                                    0·99 (0·81, 1·2)              0·880                 0·62 (0·54, 0·71)         \< 0·001   0·97 (0·85, 1·12)   0·710
  Type of procedure                                                                                                                                       
  Hemicolectomy                              1·00 (reference)                                    1·00 (reference)                     1·00 (reference)    
  Extended hemicolectomy                     1·03 (0·78, 1·35)             0·850                 1·44 (1·20, 1·73)         \< 0·001   1·07 (0·89, 1·3)    0·470
  ASA I (per each additional ASA category)   1·85 (1·58, 2·18)             \< 0·001              1·09 (0·98, 1·22)         0·110      1·62 (1·45, 1·81)   \< 0·001
  BMI (per 5 kg/m^2^)                        1·12 (1·03, 1·22)             0·008                 1·25 (1·18, 1·33)         \< 0·001   1·08 (1·01, 1·5)    0·019
  Age (per 10 years)                         1·13 (1·02, 1·25)             0·020                 0·94 (0·89,1·00)          0·042      1·34 (1·25, 1·43)   \< 0·001

Values in parentheses are 95 per cent confidence intervals.

###### 

Multivariable best‐fit model for the outcomes anastomotic leak, postoperative ileus and reoperation

                                             Anastomotic leak    Postoperative ileus   Reoperation                                     
  ------------------------------------------ ------------------- --------------------- ------------------- ------- ------------------- ----------
  Type of anastomosis                                                                                                                  
  Handsewn                                   1·00 (reference)                          1·00 (reference)            1·00 (reference)    
  Stapled                                    0·78 (0·54, 1·13)   0·200                 0·89 (0·63, 1·26)   0·520   1·10 (0·89, 1·37)   0·380
  Type of procedure                                                                                                                    
  Hemicolectomy                              1·00 (reference)                          1·00 (reference)            1·00 (reference)    
  Extended hemicolectomy                     1·18 (0·75, 1·86)   0·480                 1·08 (0·69, 1·70)   0·720   1·14 (0·85, 1·53)   0·370
  ASA I (per each additional ASA category)   1·87 (1·42, 2·48)   \< 0·001              1·34 (1·04, 1·71)   0·220   1·59 (1·35, 1·87)   \< 0·001
  BMI (per 5 kg/m^2^)                        1·03 (0·89, 1·21)   0·680                 1·12 (0·97, 1·29)   0·110   1·18 (1·08, 1·29)   \< 0·001
  Age (per 10 years)                         0·85 (0·72, 1·00)   0·049                 0·99 (0·84, 1·17)   0·940   1·00 (0·89, 1·12)   0·980

Values in parentheses are 95 per cent confidence intervals.

###### 

Multivariable best‐fit model for the outcomes 30‐day mortality and MTL30‐positive status

                                             30‐day mortality    MTL30‐positive^16^                       
  ------------------------------------------ ------------------- -------------------- ------------------- ----------
  Type of anastomosis                                                                                     
  Handsewn                                   1·00 (reference)                         1·00 (reference)    
  Stapled                                    1·26 (0·86, 1·84)   0·230                1·06 (0·85, 1·34)   0·590
  Type of procedure                                                                                       
  Hemicolectomy                              1·00 (reference)                         1·00 (reference)    
  Extended hemicolectomy                     1·41 (0·86, 2·31)   0·170                0·92 (0·66, 1·27)   0·590
  ASA I (per each additional ASA category)   3·58 (2·59, 4·95)   \< 0·001             2·45 (2·02, 2·96)   \< 0·001
  BMI (per 5 kg/m^2^)                        0·97 (0·81, 1·16)   0·730                1·08 (0·97, 1·19)   0·150
  Age (per 10 years)                         1·65 (1·30, 2·09)   \< 0·001             1·30 (1·14, 1·47)   \< 0·001

Values in parentheses are 95 per cent confidence intervals.

Discussion {#bjs5101-sec-0009}
==========

The optimal anastomosis technique after right hemicolectomy is still a matter for debate[8](#bjs5101-bib-0008){ref-type="ref"}. Most trials[17](#bjs5101-bib-0017){ref-type="ref"}, [18](#bjs5101-bib-0018){ref-type="ref"}, [19](#bjs5101-bib-0019){ref-type="ref"}, [20](#bjs5101-bib-0020){ref-type="ref"} are too small to provide definitive conclusions regarding the various techniques, or focus on Crohn\'s disease where the patient\'s postoperative course may be influenced by the underlying disease.

A large multicentre study[21](#bjs5101-bib-0021){ref-type="ref"} analysing 999 patients who underwent ileocolic anastomosis between 2002 and 2007, mainly for colonic cancer (95·8 per cent) found that patients with a handsewn anastomosis had a significantly higher leak rate (4·9 per cent) than patients with a stapled anastomosis (2·5 per cent). A meta‐analysis[8](#bjs5101-bib-0008){ref-type="ref"} also found a lower anastomotic leak rate for stapled anastomoses, but no differences in other outcomes. Conversely, stapled anastomosis was identified as an independent risk factor for anastomotic leakage in a study from Denmark[5](#bjs5101-bib-0005){ref-type="ref"}. In a recent multinational snapshot audit[22](#bjs5101-bib-0022){ref-type="ref"} of anastomosis following right‐sided colonic resection for colonic cancer or inflammatory bowel disease, the use of staplers was identified as an independent risk factor for anastomotic leakage.

The present study offers the first registry‐based analysis of the impact of anastomosis technique (stapled *versus* handsewn) following oncological right hemicolectomy. The two techniques appear equally safe in terms of anastomotic leakage, reoperation rate, postoperative ileus, SSI and other surgical complications.

The primary endpoint of anastomotic leak rate in this study of 3·6 per cent was below the 6·4--7·5 per cent reported by Bakker and colleagues[5](#bjs5101-bib-0005){ref-type="ref"} and Krarup and co‐workers[4](#bjs5101-bib-0004){ref-type="ref"}. This lower rate may be attributable to the fact that patients were registered at specialized cancer centres, with some bias for this population. The German Cancer Society certificates specialized cancer centres on the basis of several parameters, of which anastomotic leakage is one. Hospitals can use their own submitted data set to StuDoQ for quality control and certification, thereby perhaps creating a documentation bias.

The 13‐day LOS reported in this study is considerably longer than that of studies on colectomy from the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) registry[23](#bjs5101-bib-0023){ref-type="ref"}. This may be due to less economic pressure to reduce LOS, slower implementation of enhanced recovery regimens in clinical practice, and the higher rate of CME. The rate of postoperative ileus in the present study was surprisingly low compared with that of the ACS NSQIP registry[23](#bjs5101-bib-0023){ref-type="ref"} [24](#bjs5101-bib-0024){ref-type="ref"} (3·9 *versus* 12·7 per cent respectively). This difference could also be a documentation bias, as postoperative ileus has not been defined precisely. Additionally, the rate of CME was higher in the handsewn group, which may account for the higher rate of minor (grade I--II) complications, as it has been shown[10](#bjs5101-bib-0010){ref-type="ref"} that CME resection is associated with more, and more severe, complications than non‐CME resection.

Limitations of the present study include the lack of cost analysis and information missing in the StuDoQ registry, such as end‐to‐end or side‐to‐side connections and details of handsewn techniques and materials used. Although there was no difference in the short term, it is unclear whether the two methods differ in the long term with regard to stenosis rate, oncological outcome or quality of life.

Stapled and handsewn techniques for creating ileocolic anastomoses after open oncological right hemicolectomy seem equally safe and effective in the short term. Stapling was associated with reduced duration of surgery and fewer minor (grade I--II) complications.

Supporting information
======================

###### 

**Table S1** All participating hospitals and surgical directors who contributed patient data to the StuDoQ\|ColonCancer registry

###### 

Click here for additional data file.
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